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48 ENGINE TECHNOLOGY Pipo Moteurs RX2

FRENCH
FLIER

Chris Pickering investigates the new Custom rallycross
engine developed by an Ardèche-based company renowned
for being a driving force behind WRC and rallycross success

T

rallycross and start with a clean sheet of paper.
“You can run into a lot of problems with reliability
if you use an engine based on a production block

turbocharged fury is unleashed on the unsuspecting
patch of dirt or asphalt below. It’s just one in a long
list of barmy figures you get with a sport populated
by steroidally-enhanced hatchbacks capable of out-

and cylinder head,” explains Fred Barozier, General
Manager at Pipo. “Instead, we decided to follow the
same approach that we apply in the WRC and use a
bespoke cylinder head casting, with the cylinder block

accelerating a Formula 1 car.
While the chassis of these cars must be directly
based on mass-produced models, there are no

and dry sump machined from solid.”
The main reason for doing this is durability. With
cylinder pressures in excess of 200 bars, there is a

longer any such requirements on the powertrain.
Peer under the composite bonnet of the STARD Ford

tendency for the cylinder head to lift on these engines.
Similarly, the vast loads on the crank result in a lot of

Fiesta, the Xite Racing MINI Cooper S or the GRZ
Taneco Team Hyundai i20, for instance, and you’ll

stress on both the block and the main bolts. Using a
production base engine may save time and money

find the same purpose-built race engine behind each
company’s badge.

initially, but it can rapidly become a false economy.
Another benefit of starting with a clean sheet

www.racetechmag.com

54 ENGINE TECHNOLOGY Pipo Moteurs RX2
BELOW Pipo designed, developed and
manufactured the two-litre WRC engines
for Peugeot during its glory years with
the 206. That research proved invaluable
entering the rallycross programme

A fairly long stroke for the torque and we wanted to
minimise the piston diameter to reduce the risk of knock”

48

of paper is that ancillary parts, such as the oil

engine builder based in the Ardèche region of southern

pump, power steering pump and alternator, can

France, with a long history in both stage rallying and
rallycross. The firm has been the driving force behind
some of the most successful WRC cars of the past two

be accommodated without the need for additional
bracketry, which makes packaging easier. “At the end
of the day, Custom engines are cheaper for both the

decades, powering the Peugeot 206 WRC and Ford

engine builders and the teams than a production-

Focus RS WRC to five different manufacturers’ titles
along the way. On the rallycross side, Pipo developed
the engine used in the Citroën DS3 RX that won the FIA

based engine,” notes Barozier.
The FIA regulations state that the engine must be a
2-litre turbocharged inline four. There are various other

world championship in 2014 and 2015, as well as the

clauses in the rules governing things like component

Ford unit used by several teams in the former Global
Rallycross Championship.
In the run up to last year, Pipo set about channelling

weight and centre of gravity height, but by far the
biggest constraint is the mandatory 45 mm intake
restrictor, Barozier explains: “The restrictor dictates the

its considerable expertise into a new engine. It was to

maximum airflow you can get through the turbo. From

be the company’s first unit built under the FIA’s Custom
regulations, which allow engine builders to abandon
the production-based engines traditionally used in

then onwards you can only really play with small gains
in friction reduction and combustion efficiency.”
The fundamental architecture of the engine has been

racetechmag.com
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BUILT TO LAST
Perhaps not surprisingly, the hardest thing
about designing a highly-turbocharged
rallycross engine is still getting it to hold
together, Barozier explains: “You need a
very strong head gasket on an engine like
this and the load on the cylinder head bolts
can be huge. Equally, you need to make
sure the block doesn’t fail around the head
bolts or the main bearings. We carried out a
lot of simulation to determine the position

Subscribe +44 (0) 208 446 2100

of the fixings and the maximum load they
could sustain. The big problem on the
production-based engine was cracking in
these areas where the standard castings just
couldn’t take it.”
In comparison, the structural design of
the reciprocating assembly can be quite
straightforward. The FIA regulations
stipulate minimum weights for the crank,
pistons and connecting rods, so there’s no
incentive to reduce material thicknesses.

3D printing for the competitive edge
THE new engine is notable for
Pipo’s most extensive use of
3D printing technology so far.
Working in partnership with
additive manufacturing specialist
Poly-Shape, the company has
been able to print a complete set
of components for the Inconel
exhaust manifold, as well as the
housings for the wastegate and the
anti-lag system.
“We’re using 3D printing more and
more,” comments Barozier. “For
the exhaust system, we were right
on the limit of what we could do
with conventional manufacturing
techniques. We were pressing
steel parts and then welding them
together to achieve a similar effect.
But every time you weld another

54
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section it adds stress to the parts,
which can result in the parts
cracking when the engine moves
relative to the exhaust mounts.
“With 3D printing you avoid this
stress and you have far more
freedom in the geometry of the
design, it’s a very consistent
material with no inclusions
or porosities. That also
makes it easier to simulate
the structural behaviour
of the components,
because they’re often
printed in one piece
with consistent
material properties
right across the part.
ABOVE The complete
That’s very difficult to do
exhaust manifold is made
with welded parts.”
from 3D printed parts

July 2018 Issue 212

Tous droits réservés à l’éditeur

The unit in question comes from Pipo Moteurs, an

We were right on
the limit of what
we could do with
conventional
manufacturing
techniques”

McKlein/LAT Photographic

EN tonnes. That’s roughly the load on the
crankshaft of a World Rallycross (WRX) Supercar
when the lights go green and 600 bhp of
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In a little over ten years, France’s Poly-Shape has grown into one of Europe’s
leading manufacturers of AM components. With more than thirty metal AM
systems installed across four plants, the company is a key supplier to top-tier
motorsports, from Formula 1 and IndyCar to World Rallycross and the Pikes
Peak International Hill Climb. In the following article, the company presents
a series of case studies highlighting the use of metal AM in this sector, and
reveals its approach to the technology and plans for the future.

Vol. 4 No. 2 © 2018 Inovar Communications Ltd

A heritage in highperformance motorsport
Poly-Shape’s motor racing roots
date back to the establishment of
its original facility, situated close to
Renault Sport’s Formula 1 engine
development site in Viry-Châtillon,
France, where initial collaboration

between the companies quickly
identified a range of applications
for metal AM within the automotive
industry. Continued growth in this
and other areas soon saw Poly-Shape
launch its first R&D facility in
Salon-de-Provence, close to one of
Formula 1’s most famous circuits, the
Circuit Automobile Paul Ricard at Le

Fig. 1 In one of its earliest motorsport projects, Poly-Shape collaborated with
Lotus to explore the use of the Coanda effect on the E20 Formula 1 car
(Photo courtesy Nic Redhead)
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In terms of the metal Additive
Manufacturing industry, PolyShape, at more than ten years old,
is one of the more experienced
companies operating within the
sector. Founded in 2007 near Paris,
France, by its CEO Dr Stéphane
Abed, the company offers a depth
and breadth of experience in metal
AM to international customers in
a range of high-tech industries,
including aerospace, energy,
industrial and motorsports, and is
involved in both the prototyping and
series production of parts.
As well as offering a high level
of expertise in powder bed Additive
Manufacturing for the production
of geometrically complex parts,
the company also uses Directed
Energy Deposition systems
for the production of simpler
components from both powder
and wire feedstock. Currently, it
operates more than thirty metal
AM production systems across
its four European plants, aided by
in-house capabilities covering the
full component life-cycle, from
conception through design to
eventual manufacture.
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Fig. 2 The Norma MXX RD Limited at Pikes Peak. Taking place in Colorado, USA, the Pikes Peak International Hill Climb
is believed to be the third oldest official automobile race still active in the country (Courtesy Poly-Shape)
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Around the same time, a number
of teams began to turn to metal AM
to manufacture multiple iterations of
components for use in dynamometer
(dyno) and wind tunnel testing. As
confidence in the technology grew
through the testing process, an
increasing number of parts were
designed and manufactured specifically for race conditions. Poly-Shape
has since seen revenue from the
F1 industry grow dramatically and
states that it has manufactured parts
for engines, chassis, suspension,
exhaust systems and accessories
for the majority of teams active
in the sport. Today, four engine
manufacturers across eight F1 teams
have used metal AM parts produced
by Poly-Shape, including complex
components such as roll hoops,
cooling plates, hydraulic blocks, pump
housings, cooling pipes, wing support
structures, turbine and compressor
casings and other areas in which
strength and temperature resistance
may be critical.

Metal Additive Manufacturing | Summer 2018

Expertise in converting
components to AM
One of the key strengths which
Poly-Shape believes has helped it to
achieve such success in the highperformance motorsport industry is
its ability to take existing, traditionally
manufactured components and apply
the principles of Design for Additive
Manufacturing (DfAM) to optimise
their weight, functionality and
suitability for metal AM. A vital part of
DfAM is topological optimisation – a
mathematical iterative method able
to calculate the very minimum mass
required in a component based on
a material’s mechanical properties
within the volumetric constraints of
the part. This enables the designer to
build a part with the right amount of
the right material at the right place
for the right reason.
Using this expertise, the company
now co-designs and produces parts
not just for F1 cars but for a range

© 2018 Inovar Communications Ltd
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Castellet. It was out of this facility
that the company produced its first
parts for the motor racing industry.
In 2011, the company began a
research programme in collaboration with Renault F1 to explore the
use of hot exhaust gases directed
upwards to help ‘suck’ its R31 vehicle
to the track. The following year Team
Lotus – then the F1 team of English
sports car manufacturer Lotus Cars
– engaged Poly-Shape as it investigated the use of the Coanda effect
to augment the effectiveness of the
rear wing on its E20 car (Fig. 1). The
Coanda effect is a phenomenon in
which a jet flow attaches itself to a
nearby surface and remains attached
even when the surface curves
away from the initial jet direction.
Both parts required a complex
three-dimensional geometry and
very thin walls for weight-saving,
making them impossible to produce
by conventional manufacturing
methods and thus ideal candidates
for metal AM.
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of performance racing vehicles for
hill climbing, open wheel racing,
rallycross and more. In 2016, it
launched Poly-Shape Italia, a new
facility dedicated to the manufacture
of components for motorsports
vehicles in Carpi, Modena, Italy.
“Thanks to our training sessions
and through our motorsportdedicated designers, who are going
to customers’ design offices to work
side-by-side with engineers, more
and more of the components we
are producing are now designed
for AM,” states Frédéric Impellizzeri, Business Unit Manager
Motorsport/ Ground Vehicles at
Poly-Shape. “The most important
step to reach for our customers is for
them to accept that, once a part has
been redesigned for AM, they will not
be able to return to a conventional
manufacturing method, and this
acceptance is only possible once the
customer feels very comfortable with
the technology in terms of reliability
and consistency.”

Vol. 4 No. 2 © 2018 Inovar Communications Ltd

As an approach to AM, Impellizzeri
suggests, “Forget all that you learnt
about process limitations, focus on
the function of the system you are
designing and open the box to give
freedom to your mindset.”
The following case studies demonstrate some of the ways in which the
motorsport industry, supported by
Poly-Shape’s designers, is embracing
new approaches to redesigning and
optimising critical components for a
range of performance vehicles.

Norma Auto Concept and
Romain Dumas: Pikes Peak
International Hill Climb
In 2017, Poly-Shape was approached
by Norma Auto Concept for design
and manufacturing input on its
Norma MXX RD Limited vehicle,
intended to be driven by Romain
Dumas in the annual Pikes Peak
International Hill Climb, Colorado,
USA (Fig. 2). Known as the ‘Race

to the Clouds’, this is said to be the
third oldest official automobile race
still active in the USA, having begun
in 1916. The course consists of 156
corners over 12.42 miles, with an
average gradient of 7.2%, finishing at
an elevation of 14,110 ft.
Norma Auto Concept had
previously developed the M20 RD
Limited prototype, also for Romain
Dumas. Equipped with alloy steel
15CDV6 mechanically welded uprights
and 13-inch wheels, the car had won
the event in 2014 and 2016. In order to
challenge for a third win, the company
began work on the Norma MXX RD,
with a new aerodynamic package and
tyres specifically designed for 18-inch
wheels.
On finding that these modifications
created a 30% increase in load, the
company identified the need to create
new uprights which would be able to
withstand the new load while limiting
any increase to the vehicle’s mass
(Fig. 3). Due to its proven track record
in the topological optimisation of

Metal Additive Manufacturing | Summer 2018
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Fig. 3 The redesigned upright for the Norma MXX RD Limited was produced in Ti-Al-6V on an EOS M290 machine
(Courtesy Poly-Shape)
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Substitute part

Optimised part

Welded fabrication

Machined from block

Design for Additive
Manufacturing

13 inch wheel

18 inch wheel

18 inch wheel

Steel 15CDV6

Aluminium 7075

Titanium Ti-Al-6V

1.4 kg

3.2 kg

2.3 kg

Fig. 4 This comparison between the original, aluminium machined and
optimised AM part shows the weight saving achieved through topological
optimisation of the part

automotive components by AM, PolyShape was approached for design and
manufacturing input.
An upright (or knuckle) is a
safety-critical component of a car’s
suspension, containing the wheel
hub or spindle and attaching to
the suspension parts. As such, it

Titanium alloy Ti-Al-6V was
selected as the production material
for its high strength-to-weight ratio
and, following the creation of a
number of design iterations using
topological optimisation in line with
the principles of DfAM, the part was
finalised for manufacture using Laser

“Once this initial design was structurally
validated, a thin wall scoop was
integrated for the brake air cooling.
Now comprising just one piece, the
new design eliminated the need for
fastenings and the locally increased wall
thicknesses required to hold them...”
was of paramount importance that
Poly-Shape design a full-scale testing
programme involving mechanical
tests, metallographic characterisation
and other non-destructive control
processes, as well as on-track testing
in real conditions.

94

Powder Bed Fusion (LPBF) on an EOS
M290 metal Additive Manufacturing
system. Once this initial design was
structurally validated, a thin wall
scoop was integrated for the brake
air cooling. Now comprising just one
piece, the new design eliminated the

Metal Additive Manufacturing | Summer 2018

need for fastenings and the locally
increased wall thicknesses required
to hold them, as well as removing
the time and risk associated with
assembly and eliminating potential
failure sites.
At the same time as Poly-Shape
was developing its solution, an
alternative was created by Norma
Auto Concept which could be
machined traditionally from a
block of aluminium alloy 7075,
resulting in a mass of 3.2 kg. As
shown in Fig. 4, the additively
manufactured approach resulted in
a part weighing just 2.3 kg, despite
being produced from the denser
but stronger titanium alloy. When
applied to all four uprights on a
vehicle, the total weight saving was
almost 4 kg when including an air
scoop; a reduction of more than
30% compared to the aluminium
alternative. As a result, Norma Auto
Concept opted to use the additively
manufactured uprights and, after
completion of testing, the parts
were built, machined and finished
by Poly-Shape.
Romain Dumas, who went on to
win the 2017 edition of the race in
the Norma MXX RD, stated, “With
Poly-Shape, it was an amazing
meeting. Poly-Shape designed
the uprights, manufactured them
and improved their stiffness. They
represent, I think, more than just a
breakthrough for these big 18-inch
wheels. For us, they are the most
beautiful pieces of the car.”
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Dale Coyne Racing: Verizon
IndyCar Series 2018
Currently in its 23rd season,
the Verizon IndyCar Series is
arguably the premier open-wheel
racing event in North America.
The 2018 series is comprised of
seventeen races, beginning in
March with the Firestone Grand
Prix of St. Petersburg, Florida, and
culminating in September with the
Grand Prix of Sonoma, California.
The IndyCar Series originally
required all teams to purchase
a stock chassis from Dallara.
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Fig. 5 Dale Coyne Racing’s 2018 car. The Verizon IndyCar Series is North
America’s premier open-wheel racing event (Courtesy Poly-Shape)

Fig. 6 The original Dallara anti-roll bar component (Courtesy Poly-Shape)

Original Dallara
part

Designed DFAM
part

Part as
produced

Welded fabrication

Design for Additive
Manufacturing

Design for Additive
Manufacturing

Steel 15CDV6

Inconel 718

Inconel 718

0.291 kg

0.208 kg

-29%

0.220 kg

-24%

Fig. 7 Comparison between the original Dallara anti-roll bar, the optimal DfAM
component and the final part as produced to race regulations
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However, from 2017, the series
began to allow teams to manufacture
certain Dallara designed components in-house to take advantage of
any cost savings they could identify.
Modifications to some stock Dallara
parts were then also allowed,
enabling teams to redesign parts
to achieve better performance and
weight savings. One team to take
advantage of these changes to the
regulations was Dale Coyne Racing
(DCR), which, in 2017, approached
Poly-Shape for design guidance on
the production of its front and rear
anti-roll bar components (Fig. 6)
using metal Additive Manufacturing.
An anti-roll bar is a system
within a car’s suspension which
helps to reduce body roll during fast
cornering or when travelling over
road irregularities. It connects the
opposite (left and right) wheels using
short lever arms, which are linked by
a torsion spring. The anti-roll bars
produced from the existing stock
design were stiffer than needed
for some tracks. They were also
fabricated assemblies, which were
welded together by hand, and as
such were heavier than necessary.
DCR’s goal was to produce parts
which were as light as possible and
softer in spring rate, while maintaining the strength required to resist
the loads and resulting deflections of
the car in race conditions.
Poly-Shape worked through
numerous iterations with DCR’s
engineers, eventually presenting
an optimised inconel design to
the IndyCar Series for approval.
However, the series regulators
rejected the redesigned parts due to
their lack of visual similarity to the
Dallara design. As a result, revised
designs were created and manufactured by Poly-Shape on a LPBF
Additive Manufacturing system, with
production, heat treatment, hand
finishing, NDT and dimensional
inspection taking around three
weeks overall (Fig. 7).
The stipulation that the
redesigned parts should look
similar to the stock part prevented
the company from incorporating
the holes, pockets and thickness
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Fig. 8 The original Dallara anti-roll bar stem (top) and Poly-Shape’s additively manufactured stem (bottom)
(Courtesy Poly-Shape)

create parts that were manufactured
as a single piece, rather than
welded-up fabrications. The parts
are both lighter and stronger, and we
were able to optimise the material
thicknesses to maintain a consistent

“By using AM, we were able to create
parts that were manufactured as a single
piece, rather than welded-up fabrications.
The parts are both lighter and stronger,
and we were able to optimise the material
thicknesses to maintain a consistent level
of stress.”
eliminated the assembly and weld
steps by consolidating the parts, and
offered better dynamic properties
(Fig. 8).
Craig Hampson, DCR Race
Engineer, stated, “By using Additive
Manufacturing, we were able to
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level of stress. Our original design
brief was to create anti-roll bars
which were softer in spring rate but
would still fit within the confines
of the Dallara chassis and IndyCar
rules. Poly-Shape was able to help
us accomplish that, particularly

Metal Additive Manufacturing | Summer 2018

because of their high-level finite
element stress analysis and
topology optimisation capability.”
The new anti-roll bars will be used
depending on the track’s configuration, being either street circuit or
oval. Poly-Shape is now working on
a magnetic alloy to meet IndyCar’s
recent revision of the regulations.

PIPO Moteurs: World
Rallycross and World
Rally Championship
PIPO Moteurs, GuilherandGranges, France, specialises in the
design, development, manufacture,
and maintenance of race engines.
Over its forty-five year history, the
company has been responsible for
the Peugeot 306 Kit Car, 206 & 307
WRC, Ford Focus WRC, Ford Fiesta
S2000 WRC, Hyundai i20 WRC, i20
R5 & i30 TCE, Bentley Continental
GT3, Ford Fiesta WRX Hoonigan
and DS3RX Solberg. Vehicles with
engines by PIPO Moteurs have
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variations, which enable a part to
take full advantage of the possibilities offered by AM, thus limiting the
weight savings it could achieve.
However, the final design remained
considerably lighter than the original,
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won five World Rally Championships
(WRCs) and two World Rallycross
(WRX) FIA Championships.
The company recently worked
with Poly-Shape to design and
additively manufacture the exhaust
assembly for its turbocharged
1997cc inline four engine, designed
for non-factory private teams
competing in World Rallycross and
Word Rally championships. The
final exhaust assembly consisted
of six additively manufactured
components:
• A flange, with integrated tubing
and fresh air collector
• A 4:1 collector with bypass
wastegate
• Four individual primaries
These parts were produced
individually from Inconel on a Laser
Powder Bed Additive Manufacturing
system, before being welded into a
complete assembly with the addition
of one machined V clamp flange
(Fig. 9). With the new design of

Vol. 4 No. 2 © 2018 Inovar Communications Ltd

the fresh air flange and the exhaust
plate, the complete exhaust assembly
comprises eight parts instead of
eighteen, yielding an 18.9% mass
saving while reducing assembly and
welding failure risks.

Porsche: Aftermarket
application
One application area for which
the potential of metal Additive
Manufacturing is increasingly
recognised is in the automotive
aftermarket, for the provision of
spare and replacement parts for
older or collectible vehicles. Some
major automotive companies to
have recognised this potential are
Mercedes-Benz, Audi and Porsche
Classic, all of which have recently
adopted metal AM for the production
of parts for vehicles which are no
longer produced, or which were
produced in very limited runs.
The production of metal
replacement parts has traditionally

been dependent on the availability
of the blueprint for the original
part, the type of tool used in their
original manufacture and the original
materials, meaning that the cost of
obtaining replacement parts for older
models can be prohibitively high,
especially when the part is required in
small batches or as a one-off order.
The use of Additive Manufacturing
can allow the original part design
to be inputted and reproduced
using a single system, thus making
production more cost-efficient even at
low quantities compared to where the
retooling of conventional machinery is
required. However, where the original
part design is not available, it may
be necessary to retro-engineer the
design for AM.
In this example, Poly-Shape was
approached to produce a replacement for a SCART aftermarket ‘three
into one’ exhaust collector for a
Porsche 911 Turbo 997. The company
used data collected from a point cloud
using a 3D scanner to generate an
electronic model of the part, from

Metal Additive Manufacturing | Summer 2018
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Fig. 9 The exhaust assembly for a PIPO Moteurs RALLYX rallycross engine, redesigned and produced by Poly-Shape
(Courtesy Poly-Shape)
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Fig. 10 The original exhaust collector, 3.13 kg (left), the SCART aftermarket collector, 2.45 kg (middle) and the final part
produced by Poly-Shape, 2.3 kg (right)

Poly-Shape looks to the
future
In order to work more closely with its
customers and to better accelerate
the adoption of Additive Manufacturing
for industrial applications, Poly-Shape
told Metal AM magazine that it is now
developing two additional services
which will, firstly, enable clients to
better understand and apply Design
for AM and, secondly, enhance and
ensure the quality of raw materials
used in AM and the material properties of the finished part.
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With the launch of CREADDITIVE,
its new design service, the company
is looking to shift the mind-set of its
customers from traditional to additive design by offering tools, training
sessions, collaborative workshops
and further courses. This, it is
anticipated, will enable customers
not only to accelerate their adoption

through an investigation of existing
parts, to educating multiple
departments at a company in AM
and identifying the patentability
potential of an AM concept.
Beyond a need to grow an
understanding of DfAM, Impellizzeri
believes that the main factor
limiting the adoption of metal

“Beyond a need to grow an
understanding of DfAM, Impellizzeri
believes that the main factor limiting
the adoption of metal AM is the lack of
materials available to manufacturers...”
of AM but to ensure that they take
full advantage of the freedom of
design which the technology offers.
Beginning with an assessment of
the client’s level of DFAM expertise,
Poly-Shape adapts each course
and its duration specifically to the
needs of each customer, with varying
goals: from improving an individual’s
capacity for creative design and
identifying potential AM applications

Metal Additive Manufacturing | Summer 2018

Additive Manufacturing is the lack
of materials available to manufacturers. “The material choice
is currently not at the same level
that you can get with traditional
processes,” he explained, “but
this will be less and less true as
more and more materials arrive
on the market. Some of them
will even be especially developed
for AM, bringing new properties
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which it was able to reverse engineer
it into a single component for production on a LPBF system.
The original exhaust collector
produced by Porsche would have
been in stainless steel and weighed
3.13 kg, while the SCART aftermarket
iteration, also in stainless steel,
weighed 2.45 kg. By changing the
material to Inconel and consolidating
the collector into a single component,
Poly-Shape was able to reduce the
weight to 2.3 kg (Fig. 10). In addition,
by eliminating all weld areas, the life
span of the part was extended.
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you wouldn’t be able to reach with
traditional processes.”
Poly-Shape is now placing materials at the forefront of its research
and development efforts, having
added to its services a new materials
analysis laboratory at which it is
investigating new materials and
processes, as well as ensuring the
quality of the raw materials currently
used in its Additive Manufacturing
processes and the final properties of
the parts produced. The new laboratory is fully equipped for inspection
of the chemical and mechanical
properties of metal powders and
the metallurgical compliance of the
finished part.
“For each part which is produced,
we generate a new metallurgical
structure and this is one of the main
differences when comparing AM
to machining,” states Impellizzeri.
“That means we need to validate all
of the process parameters, the raw
material - which is the powder with
its own characteristics - and design,
and once the desired outcome is
reached in terms of mechanical
properties, geometry and surface
roughness, we have to freeze them

for production. Then, conventional
inspection methods can be used
on the finished part, especially
tomography, which allows both
geometrical and metallurgical
inspection, whatever the complexity
of the part.”
Poly-Shape describes itself as
having a ‘mission’ to continue to
implement Additive Manufacturing
throughout motorsports as well as
in other industries, and to increase
its awareness as a viable technology
for international equipment
manufacturers, their sub-tiers and,
eventually, across the entire value
chain. To that end, the company
continues to develop an expertise
which covers the entire Additive
Manufacturing workflow, supporting
its customers through the initial
concept and design through
CREADDITIVE, up to the manufacture, testing and integration of the
part into the final product.
Looking to the next ten years,
Impellizzeri highlights one issue he
believes will be key to the industry’s
success. “We are still in the initial
growth phase of this industry
and machine manufacturers are

still exploring a lot of potential Published by Inovar Communications Ltd
solutions, and do not spend time
making sure their machines are
totally reliable before they put
them on the market,” he states.
“At Poly-Shape, some machines
have had to be improved or tuned
by ourselves in order to make them
production ready!”
Over the next decade, he
forecasts, “Machines will definitely
be more affordable, more productive and more consistent. Young
engineers and designers will be
better trained to really design
for AM, and our customers will
consider this technology as a real
candidate from the earliest stage of
their development projects.”

www.metal-am.com

Contact
Poly-Shape
235, Rue des Canesteu
ZI La Gandonne 13300
Salon de Provence
France
Tel: +33 4 13 22 19 10
info@poly-shape.com
www.poly-shape.com

Discover our
free-to-access
digital archive
You can view this and all past
issues of Metal AM via our free
digital archive
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SLS AM of titanium parts. Note the white sparks indicating the ideal temperature
of the welding process of this material (Courtesy of Additive Industries)

2018

Building
momentum

layer and the rest of the powder

Titanium part manufactured using
SLS AM (Courtesy of Poly Shape)

around the outside of the part.
As soon as the machine vision
system can recognise the boundary
of the part, by doing a contrast
analysis it can put all the slices
of the build back together and
give the operator an idea of the
condition of the part throughout
the build, at predetermined points

As the technology continues to develop and its applications widen,
additive manufacturing is entering a new age of sophistication.
Stewart Mitchell reports

during the build and/or when the
part is completed.
Using this technology, engineers

A

hope to reduce the inspection,
testing and quality control process
after the part is complete.

dditive manufacturing (AM) has advanced rapidly in recent

As these systems mature though, the AM machines will in theory be

It is well-understood that AM provides engineers with far more
freedom to produce components with complex geometry than would

producing a range of motorsport powertrain components

be possible using traditional, subtractive manufacturing. On the other

able to detect scenarios where the weld pool is not in the desired light

Another area where AM has drawbacks is when the part is to be

spectrum threshold and make the necessary changes to the process to

made from a material that is challenging to weld, such as 7000-series

keep it going until the part is completed.

aluminium. A representative of one AM service company says,

A representative of an AM company canvassed for this article says,

behaves the way you want it to tends to be the challenge for many

reduction of quality control stages and/or post-processing after the

people working with this material.

inspections and CT scanning.

AM machines and materials for use in the motorsport arena were
discussed. In this article, in what is in effect the next chapter in the

“Refining the welding process for 7000-series aluminium so that it

“What engineers are trying to achieve with this technology is the
part is built. At the moment, typical post-processing includes visual

In RET 93 (March/April 2016) details of the various types of

Material weldability issues

Design for AM

years, developments in the technology having become so
impressive that it is now considered a viable method for

on a day-to-day basis.

hand, however, one AM expert says there are limitations with it and
that certain issues need to be considered when designing parts for it.
The expert says, “When it comes to high-precision subtractive
manufacturing and surface finishing, some manufacturers can produce

progress of AM, we offer a practical insight into the technology and

tolerances of as little as 0.2 microns and a surface finish Ra of 0.2.

discuss the lessons engineers in the industry have learnt in the past few

This refinement is simply not possible with AM at this stage without

years, along with some of the new technologies on the market that are

severe post-processing of the part after it is complete, and even then

relevant to motorsport powertrain professionals.

it’s unlikely to be that precise.
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“Typically, this material wants to crack if the conditions were not
exactly right during the welding process.

“If these light-reading diodes and spectral response systems become

“AM is essentially many welds over the top of each other, so if you

more advanced they will become the most effective technique for

have a weldability problem within a material then that will be carried

understanding the structure of a component, because you will be

over when trying to manufacture the part using AM.”

looking at the structure and parameters of the build in real time rather

Generally, weldability issues manifest themselves in cracking

than what the build program says has happened when you set the part

owing to segregation of the structure of the part at defects such as

to build.”

dislocations, grain boundaries, stacking faults or the interface between

At the moment, the optical diodes are a straightforward way for

two phases as the component cools down or the stress builds up at the

the machine to ‘understand’ what the process should look like,

welding interface. Also, the welding process during AM is typically

although the real benefit to users will come when machine learning is

less forgiving than when welding a traditionally manufactured part

implemented.

because the temperature gradients in the welding environment are

A combination of machine learning and machine vision built into
an AM machine can inform it as to how the part is progressing layer by

more extreme than with traditional welding techniques.
The bed temperature of an SLS AM machine is typically around

layer. At the moment, a machine operator must look at images taken

200 C, and the laser itself is usually around 1300 C at the point where

from above the part as it is being built to determine if there are any

the weld takes place. If one were to weld using a handheld torch, the

changes in the layers and, if so, decide whether the changes will cause

heat input would be very high, the whole workpiece would heat up

a defect by analysing each layer build.

and so the temperature throughout the whole part would be more

If, for example, the machine failed to put the required amount of
powder over the bed for the next layer to be applied, that can be easily
identified by analysing the images.
Another technology that has come to the fore to help engineers

consistent and cool down more slowly, so the gradient would be
gentler than in AM.
The laser beam is typically around 80 microns in diameter; the weld
area is about 0.1 mm. During welding, the weld pool is usually only

determine the quality of the part they are building is optical

about 0.5 mm, and therefore the material behind the pool is near the

tomography. This uses cameras to photograph the part at each layer of

same temperature as the bed of the machine. It is the dramatic cooling

the process as it is being built and then using tomography to compare

rate at a microscopic scale that causes the cracking problem.

the build to the part’s CAD and CAM files.
This technology reverse engineers the CAM process and analyses

There are still many benefits to using AM over traditional techniques
though. A representative of one AM machine manufacturer canvassed

each layer from the CAD/CAM file to determine how the part is

for this article explains, “SLS is good in that it is automated and

coming along, based on the detailed contrast between the welded

controlled welding. On the other hand, TIG welding could be
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SOME EXAMPLES OF ADDITIVE MANUFACTURING SUPPLIERS

FRANCE
Poly-Shape
+33 4 13 22 1910

www.poly-shape.com

GERMANY
3D Systems
+49 6151 3570
www.3dsystems.com
EOS
+49 89 893 36 134
www.eos.info
ExOne
+49 82 174 760
www.exone.com
GKN Additive
+49 228 9335 0
www.gkn.com
Oerlikon
+49 39203 5106 0
www.oerlikon.com/am
Voestalpine High Perf Metals
+49 211 522 0
www.bohler.de/en
ITALY
3NTR
+39 0321 91528
CRP
+39 059 821 135

www.3ntr.eu
www.crp.eu/www.windform.it

NEW ZEALAND
Zenith Tecnica
+64 9 213 3784

www. zenithtecnica.com

THE NETHERLANDS
Additive Industries
+31 40 218 0660

www.additiveindustries.com

does not obstruct the part during the removal process, and it is cut off
the plate using a robotically controlled bandsaw.
The part then drops into a bin with a foam inlay. It is then turned upright
and transferred into a machining area, where final machining takes place.
The representative says, “The entire system can be set to run each
of the manufacturing and post-treatment processes automatically, so
a user can set up the whole build and return to the machine later to
retrieve a completed part.”
The use of AM in motorsport shows no signs of abating. It is likely
in the near future that a much higher percentage of powertrain
components will be manufactured using this technology, and we
will no doubt see the emergence of larger, faster and more precise
machines, along with many more materials.
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UK
3D Systems
+44 (0)1442 282600
www.3dsystems.com
3T rpd
+44 (0)1635 580284
www.3trpd.co.uk
Additive Design Consultancy
+44 (0)7477 532253
www.additivedc.com
Betatype
+44 (0)7738 238993
www.betaty.pe
Croft Additive Manufacturing
+44 (0)1925 767 070
www.croftam.co.uk
Eclipse AM
+44 (0)782 630500
www. eclipse-am.co.uk
EOS
+44 (0)1926 623107
www.eos.info
Graphite AM
+44 (0)1296 482 673
www.graphite.uk.com
HK Technologies
+44 (0)1788 577288
www.hktechnologies.com
Laser Prototypes
+44 (0)28 9070 6940
www.laserproto.com
Laser Lines
+44 (0)1295 672500
www.laserlines.co.uk
Material Solutions
+44 (0)1905 732161
www.materialssolutions.co.uk
Performance Engineered Solutions
+44 (0)114 321 6375
www.pes-performance.com
Progressive Technology
+44 (0)1635 500480
www.progressive-tecnology.co.uk
Renishaw
+44 (0)1785 285000
www.renishaw.com
Metrology Software Products
+44 (0)1665 608193
www.metsoftpro.com
Voestalpine High Perf Metals
+44 (0)121 5525681
www.bohlersteels.co.uk
XYZ Machine Tools
+44 (0)1823 674200
www.xyzmachinetools.com
USA
3D Systems
+1 803 326 3930
www.3dsystems.com
CRP USA
+1 704 660 0258
www.crp-usa.net
ExOne
+1 724 863 9663
www.exone.com
Oerlikon
+1 248 288 1200
www.oerlikon.com/am
Poly-Shape
+1 610 927 7294
www.poly-shape.com
Renishaw
+1 847 286 9953
www.renishaw.com
Voestalpine High Perf Metals Corp
+1 800 638 2520
www.bucorp.com
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Les actus de l’additif

Poly-Shape, acteur européen de la fabrication additive
métal, et Dab Motors, société experte en ingénierie et
customisation située à Biarritz, ont travaillé en équipe pour
dessiner et créer une moto impressionnante nommée
Alter. Au lieu d'utiliser les techniques traditionnelles,
Simon Dabadie, directeur et designer de Dab Motors,
préfère faire appel aux toutes dernières technologies pour
réaliser la plupart des pièces de ses petites merveilles
mécaniques. Dans le but de pousser toujours plus loin
le design et la performance de ses véhicules sur deux
roues, la société Dab Motors a demandé aux experts de
Poly-Shape de mettre en œuvre toute leur expérience
et leur talent afin de créer et réaliser diverses pièces de
la moto ALTER, qui comme son nom l'évoque est une
alternative contemporaine à une vision plus classique
de l'univers de la moto. « Dans notre monde régi par
la technologie, nous ne devons pas rester collés à nos
anciennes méthodes de travail issues d'un temps révolu.
Nous devrions explorer chaque opportunité de faire
appel aux nouvelles technologies et nous en inspirer.
Utiliser de nouveaux matériaux stimule notre curiosité,
développe notre sens critique envers chaque idée que
nous avons en tête et permet de nous concentrer sur
la création de motos améliorées. C'est la raison pour
laquelle nous avons opté pour une solution globale de
fabrication additive métal proposée par Poly-Shape. »
explique S. Dabadie.
Depuis plus de 10 ans, Poly-Shape, groupe basé à
Salon de Provence, réalise des pièces métalliques avec
le procédé laser sur lit de poudre appelé LBM. Cette
technologie de pointe permet à un laser de fusionner des
poudres métalliques pour créer des pièces par couches
successives fusionnées. C'est ainsi que Poly-Shape a pu
réaliser les pièces suivantes pour ALTER : un té de fourche,
un support de phare et de plaque d'immatriculation
et surtout, une boucle arrière, ajourée de lattices pour
laisser la lumière rouge du phare arrière la traverser avec
élégance. Ce projet d'envergure résume très clairement
les avantages de la fabrication additive métal : des pièces
dessinées avec des géométries complexes, auxquelles
on peut à loisir et dans un objectif d'optimisation intégrer
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de nouvelles fonctions. Sans oublier la réduction du poids
des pièces par l'utilisation d'alliage d'aluminium. Le lit
de poudre est à la fabrication additive ce qu'est la page
blanche à l'écrivain. Avec une forte source de chaleur, la
poudre est fusionnée par couches successives. Comme
on rajoute de la matière au lieu d'en enlever, il est possible
pour le designer de créer au gré de son imagination,
libéré par les contraintes imposées par une technologie
industrielle plus classique. Ainsi, il est possible de rester
concentré sur les aspects fonctionnels de la pièce créée,
de réduire son poids, son temps de production et de
travailler plus en amont son esthétique.
« Dab Motors a décidé de travailler avec Poly-Shape
en étroite collaboration afin de réaliser des composants
optimisés pour notre projet ALTER, une moto que nous
avons pensée et construite pour Yamaha Europe. Toutes
nos études complexes de la machine sont devenues
réalité grâce à cette haute technologie qui va devenir
incontournable dans les années à venir. Elle a changé
notre façon de créer et de transformer une moto. Nous
sommes libres maintenant et notre créativité n'a plus
de limite…ce qui est impossible avec un procédé plus
traditionnel. » ajoute S. Dabadie.
Poly-Shape a également fait appel à l'optimisation
topologique, une méthode de calcul itératif qui permet
de connaître la masse minimum d'une pièce selon les

propriétés mécaniques des métaux, tout en tenant
compte des contraintes volumétriques de la pièce.
« Cela nous permet de réduire le poids de la pièce de
manière significative tout en maintenant le degré de
force et de durabilité de la pièce d'origine. C'est ainsi
que le nouveau té de fourche a été construit en un seul
bloc et se révèle être 54 % plus léger que l'ancien.
L'optimisation topologique est un atout considérable
lorsqu'on souhaite réaliser une pièce aux formes organiques alliant esthétique et performance et la boucle
arrière de la moto ALTER en est le plus bel exemple. »
nous précise Alexandra Pfeiffer, ingénieur spécialisée en
optimisation topologique chez Poly-Shape. En réalisant
un savant mélange entre la haute technologie de PolyShape et l'artisanat de très haute volée de Dab Motors,
la customisation de véhicule se réinvente, repousse les
limites de l'imagination, efface les frontières industrielles.
Le succès de ce partenariat montre combien la fabrication additive métal apporte de la valeur ajouté à notre
monde industriel moderne…et que ce n'est que le début.

Communiqué de presse
AddUp, leader français dans la conception, réalisation et
commercialisation de machines et ateliers d’impression
3D métallique, basé à Clermont-Ferrand, joint-venture
entre Fives et Michelin, annonce aujourd’hui l’acquisition de la société BeAM, basée à Strasbourg, leader
de la technologie de fabrication additive par projection
de poudre métallique par laser (DED, Directed Energy
Deposition) dédiée à la production de grandes pièces et
au marché de la réparation.
Créé en 2012 à Strasbourg avec des filiales à Cincinnati et
Singapour, BeAM est un fabricant français de machines
industrielles de fabrication additive métallique utilisant
la technologie DED et disposant de nombreux clients en
France et à l’étranger notamment dans les secteurs de
l’aéronautique, de la défense et de l’énergie.
L’acquisition à 100 % de BeAM permet à AddUp d’élargir son portefeuille de technologies de fabrication additive métallique pour mieux répondre aux besoins de
ses clients et de renforcer sa couverture géographique
mondiale. La technologie DED de BeAM est complémentaire à celle de la fusion sur lit de poudre (LBM) maîtrisée par AddUp et couvre des segments de marchés
spécifiques notamment celui des grandes pièces fines
et complexes, le marché de la réparation et de l’ajout de
fonctions. BeAM et AddUp partagent la même ambition
d’accompagner les clients dans l’élaboration de solutions de fabrication additive métallique en prenant en
compte en amont les problématiques de robustesse
industrielle, HSE (Hygiène, Sécurité, Environnement) et
de certification.
« Ensemble, BeAM et AddUp auront un positionnement
unique sur le marché de la fabrication additive en
proposant à leurs clients un éventail complet de solutions
en fabrication additive métallique, avec notamment la
formation et le conseil, les systèmes d’impression 3D

et la fabrication de pièce pour des preuves de concept
(POC). » souligne Vincent Ferreiro, PDG d’AddUp. Cette
acquisition conforte également AddUp dans son rôle
de leader de l’écosystème français d’impression 3D
métallique avec plus de 100 ingénieurs travaillant au
développement de nouvelles solutions.

FABRICATION ADDITIVE

par Dominique Dubois
d.dubois.trametal@gmail.com

« BeAM était à une étape clef de son développement
avec l’élargissement de son offre produits et de son
expansion géographique. L’arrivée d’AddUp et de
ses actionnaires Fives et Michelin, nous permet de
sécuriser le développement de BeAM et de bénéficier
de leurs expertises industrielles et de la mutualisation de
ressources respectives. » précise Vincent Gillet, Directeur
Général de BeAM. Les termes exacts de la transaction
ne sont pas divulgués.

HP et Siemens multiplient les opportunités
d’innovation dans les domaines de la
conception 3D et de la fabrication additive
 Les deux leaders du secteur élargissent leur partenariat
stratégique, en étendant l’alignement de leurs
technologies à l’impression 3D couleur des produits
de nouvelle génération.
 Siemens enrichit ses logiciels de conception et de
fabrication additive afin de prendre en charge les
nouvelles imprimantes 3D couleur de HP.
 Les imprimantes de la série HP Jet Fusion 3D 300/500
permettent le prototypage conceptuel ainsi que la
production en petite série de produits finis.
 La technologie d’impression 3D Multi Jet Fusion de
HP va faire son entrée à l’Additive Manufacturing
Experience Center de Siemens, situé à Erlangen
(Allemagne).
Au congrès Siemens PLM Connection
Americas 2018 qui a eu lieu du 4 au 7
juin à Arizona (Phoenix), l’un des
événements les plus importants
pour les utilisateurs des logiciels de
PLM de Siemens, HP Inc. et Siemens
ont annoncé qu’elles renforçaient
leur longue collaboration dans le
but d’ajouter des fonctionnalités
encore plus sophistiquées à un plus
grand nombre de logiciels de PLM de
Siemens, afin de changer la manière dont
les utilisateurs conçoivent et fabriquent à
l’aide de la technologie d’impression 3D Multi
Jet Fusion de HP. 
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